There is little information about the effectiveness of ciprofloxacin in regions where ciprofloxacin-resistant Escherichia coli is prevalent. This study was conducted to evaluate whether ciprofloxacin is effective as the initial empirical antibiotic for treatment of uncomplicated acute pyelonephritis (APN) due to ciprofloxacin-resistant E. coli. A total of 255 women with clinical diagnoses of uncomplicated APN due to E. coli were enrolled in the emergency department between March 2005 and December 2008. All enrolled patients were initially treated with ciprofloxacin. Patients were followed up 4 to 7 days after the start of therapy and 14 to 21 days after its completion. At the first follow-up visit, ciprofloxacin was changed to the appropriate antibiotic when necessary, depending on the antibiotic susceptibility results. Not only improvement of symptoms and signs but also microbiologic eradication was assessed at each visit. Fifteen percent (39/255) of the E. coli isolates were resistant to ciprofloxacin. There was no statistically significant difference between the clinical cure rates of the ciprofloxacin-susceptible group and the ciprofloxacin-resistant group at the first follow-up (87.0% versus 76.9%, P ‫؍‬ 0.135) or the second follow-up (98.6% versus 94.9%, P ‫؍‬ 0.177). However, there was a lower microbiologic cure rate in the ciprofloxacin-resistant group than in the ciprofloxacin-susceptible group (92.4% versus 41.7%, P ‫؍‬ 0.000) at the first follow-up visit. No complications occurred in the ciprofloxacin-resistant group during the follow-up period. Our findings indicate that ciprofloxacin is an appropriate choice for empirical therapy of uncomplicated APN and has no serious adverse outcomes, if it is tailored appropriately, even for women infected with ciprofloxacin-resistant E. coli. U rinary tract infections (UTI), including acute pyelonephritis (APN), are among the most common bacterial infections in women. Escherichia coli is the most common pathogen, but the antimicrobial susceptibility patterns of E. coli differ considerably in different countries (3, 15) . The Infectious Diseases Society of America (IDSA) recommended fluoroquinolones as initial empirical therapy for APN in areas where the frequency of resistance of community uropathogens to trimethoprim-sulfamethoxazole (TMP-SMX) exceeds 20% and that to fluoroquinolones is less than 10% (4).
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rinary tract infections (UTI), including acute pyelonephritis (APN), are among the most common bacterial infections in women. Escherichia coli is the most common pathogen, but the antimicrobial susceptibility patterns of E. coli differ considerably in different countries (3, 15) . The Infectious Diseases Society of America (IDSA) recommended fluoroquinolones as initial empirical therapy for APN in areas where the frequency of resistance of community uropathogens to trimethoprim-sulfamethoxazole (TMP-SMX) exceeds 20% and that to fluoroquinolones is less than 10% (4) .
Unfortunately the reported frequency of ciprofloxacin-resistant E. coli isolates causing UTI in the community is around 20% in Korea (12) ; hence, concern about inappropriate empirical therapy for APN has arisen. While there is evidence that discordant treatment has a negative impact on clinical outcome (6, 10, 14) , its impact is known to be variable depending on the site of infection (7) . APN in particular is reported to have a lower severity index as well as a lower mortality rate than non-urinary tract infections (1), so it is unclear what strategies should be used for employing fluoroquinolones at the outset of therapy in areas of high ciprofloxacin resistance and for modifying regimens based on the results of susceptibility tests, because no previous study has focused specifically on ciprofloxacin or on uncomplicated APN regardless of the presence of bacteremia (13) . We therefore designed a prospective observational study to evaluate the clinical effectiveness of ciprofloxacin as empirical treatment for uncomplicated APN in Korea, where the prevalence of resistance of uropathogenic E. coli to fluoroquinolones exceeds 10%.
MATERIALS AND METHODS

Study populations.
Female patients aged 15 years or over who first visited the emergency clinic in Seoul National University Bundang Hospital from 1 March 2005 to 31 December 2008 were prospectively evaluated. This study was approved by our institutional review board. As it was an observational study, patients were not randomized. A standardized case report form was used to collect patient information, and we focused on patients initially considered to have uncomplicated APN specifically caused by E. coli.
The inclusion criteria for diagnosis of suspected uncomplicated APN consisted of the simultaneous presence of (i) fever of over 38°C as an axillary temperature; (ii) pyuria, defined as the presence of 5 or more leukocytes per high-power field of urinary sediment; (iii) dysuria syndrome (painful urination, sense of residual urine, or urinary frequency); and (iv) tenderness in the flank. In all cases, an E. coli-positive urine or blood culture was necessary for inclusion.
Exclusion criteria were (i) the presence of septic shock, (ii) previously known urinary tract abnormality, (iii) APN proven to be complicated in another hospital, (iv) pregnancy or lactation, and (v) use of a systemic antimicrobial within the previous 72 h. Patients proven to have the following conditions were excluded during workup: those who had newly proven complications (urinary tract obstruction or malformation, or renal abscess); or those who were not prescribed ciprofloxacin as an initial empirical antibiotic treatment.
Study procedures. Patients received an initial 400-mg dose of intravenous ciprofloxacin followed by oral ciprofloxacin, 500 mg twice daily. Patients who tolerated the oral medication were discharged at the clini-cian's discretion, while those who were unable to tolerate it were hospitalized for parenteral treatment. Ciprofloxacin was prescribed for 7 to 14 days but was replaced by a more appropriate antibiotic (usually oral cephalosporin) on the basis of susceptibility data if the organism was resistant to ciprofloxacin. Clinical and microbiological follow-up was done at 4 to 7 days after the start of therapy and at 14 to 21 days after its completion. The first follow-up day from initial treatment was the day when, in addition to recording clinical assessments, follow-up microbiologic studies were ordered for the patients admitted to the hospital. For patients not admitted to the hospital, the first follow-up day was the first day they visited the outpatient clinic after discharge from the emergency department. The presence or absence of symptoms and signs suggestive of urinary tract infection, including positive findings recorded when the patients visited the emergency clinic, was reassessed. If particular symptoms were not specifically commented on in the records, they were presumed to be absent when we collected and analyzed the data. Microbiological tests were not conducted if patients did not give consent at follow-up visits. Adverse events were recorded.
Microbiologic studies. A semiquantitative urine culture and blood cultures were collected from all patients before the start of therapy, as well as a urine culture on days 4 to 7 of therapy, and 14 to 21 days after its completion, or if symptoms of UTI appeared at any time during followup. Organisms present at Ն10
3 CFU/ml in a urine sample were identified by standard microbiological techniques. All blood samples were cultured using an automated culturing system (Vitek, bioMérieux, Marcy l'Etoile, France). Antibiotic sensitivity testing was performed according to Clinical and Laboratory Standards Institute (CLSI) guidelines (2). For stored blood isolates, the MIC for ciprofloxacin was determined by the Etest (AB Biodisk, Solna, Sweden). In addition, multiplex PCR testing was done to verify the presence of six plasmid-mediated quinolone resistance determinants (PMQR), i.e., qnrA, qnrB, qnrC, qnrS, aac(6=)-Ib-cr, and qepA, and PCR amplification of the quinolone resistance-determining regions (QRDRs) was carried out to determine the mutations of gyrA and parC genes as previously described (9) .
Outcome measures. Clinical cure was defined as the absence of all signs and symptoms of illness. Clinical failure was defined as deterioration, persistence of signs and symptoms, or recurrence after initial cure or improvement. Microbiological cure was defined as pathogen growth of less than 10 3 CFU/ml from the urine, as well as no growth from blood cultures if bacteremia was initially documented. Microbiological failure at follow-up visits was defined as superinfection with a new uropathogen or persistence of the original pathogen.
Statistical analysis. Data were analyzed with SPSS version 17.0 (SPSS, Inc., Chicago, IL). Binomial data were analyzed by the chi-square ( 2 ) test or Fisher's exact test, and continuous data by Student's t test. Results below a 5% significance level were considered meaningful.
RESULTS
Of the 337 uncomplicated-APN patients, 255 were enrolled and 82 were excluded (Fig. 1 ). There were no significant differences in demographic characteristics between the patients excluded and those enrolled, except that histories of urinary tract infection were more common in the excluded group (40.2% versus 26.3%, P ϭ 0.016). All the enrolled subjects were followed for 4 to 7 days after the start of therapy. Two hundred forty-eight patients were also evaluated on a second visit after the end of treatment, but about two-thirds (169) of them did not submit urine specimens because most did not have any symptoms and did not want to visit the hospital twice, first to submit a sample and then to check the result. In addition, the physician did not insist on taking urine samples because routine follow-up urine culture after completion of therapy is not recommended in most nonpregnant adults who remain asymptomatic (8) . The median age of the enrolled patients was 54 (15 to 88) years. Of the E. coli isolates from urine or blood cultures, 39 (15.3%) were resistant to ciprofloxacin, all of which were susceptible to expanded-spectrum cephalosporins. There was no significant difference in demographic and clinical characteristics, except for mean age, between the patients with ciprofloxacin-resistant and those with ciprofloxacin-susceptible infections ( Table 1) .
The overall clinical cure rate was 85.5% (218/255) and the microbiological cure rate was 84.6% (198/234) at the first follow-up visit. While the clinical cure rates at the first follow-up were not significantly different in the two groups, 87.0% (188/216) versus 76.9% (30/39) (P ϭ 0.135), the microbiological cure rate was significantly lower among the women infected with ciprofloxacinresistant E. coli: 92.4% (183/198) versus 41.7% (15/36) (P Ͻ 0.001). Infection was microbiologically proven by urine culture for 237 patients and by blood culture for 18 patients. E. coli grew to a concentration of Ն10 5 CFU/ml in 214 (90.3%) of the 237 pretreatment urine cultures, 10 4 to 10 5 CFU/ml in 22 (9.3%), and 10 3 to 10 4 CFU/ml in only 1 culture. In contrast, among 36 patients with positive urine cultures at the first follow-up, E. coli was present at Ն10 5 CFU/ml in 16 (44.4%) cultures, 10 4 to 10 5 CFU/ml in 12, and 10 3 to 10 4 CFU/ml in 8 cultures. At the second follow-up visit, the overall clinical and microbiological cure rates were 98.0% (243/248) and 78.5% (62/79), respectively. Clinical cure rates were 98.6% (206/209) in the susceptible group and 94.9% (37/39) in the resistant group (P ϭ 0.177) ( Table 2) . No complications, including renal or perirenal abscess, metastatic infection, progression to septic shock, or death, occurred in the discordant treatment group during the follow-up period. Although ciprofloxacin was administered for 5.8 days on average before the switch to an appropriate antibiotic in the discordant treatment group, the duration of therapy was comparable for the two groups (Table 1) . Although the average age was significantly higher among the women infected with ciprofloxacin-resistant E. coli, neither the clinical cure rate nor the microbiological cure rate was significantly different in the two groups after adjustment for this variable.
Of 41 blood isolates available, 35 were susceptible to ciprofloxacin. However, 12 of these strains had a high MIC (more than 0.125 g/ml) below the breakpoint for susceptibility. All 12 isolates had mutations in gyrA, parC, or both, but only 1 isolate harbored aac(6=)-Ib-cr. At the first follow-up visit, the clinical cure rates were 87.0% (20/23) for the patients with bacteremic APN caused by E. coli isolates with a MIC of Ͻ0.125 g/ml and 91.7% (11/12) for those infected by E. coli with a high MIC (P ϭ 1.000). The microbiological cure rates were 95.2% (20/21) and 91.7% (11/12), respectively (P ϭ 1.000). Neither difference in outcome was statistically significant.
DISCUSSION
Although fluoroquinolones are considered the drugs of choice for treating community-acquired APN in women, there are insufficient data on the clinical impact of empirical treatment with fluoroquinolones in communities where the prevalence of resistance to it exceeds 10%. Ciprofloxacin is used frequently as the empirical antimicrobial agent for community-acquired APN in many countries despite increasing rates of resistance of E. coli to fluoroquinolones.
Even though the microbiological cure rate at the first follow-up was significantly lower among women infected with ciprofloxacin-resistant E. coli, there was no meaningful difference in clinical cure rates or admission rates between the two groups, and the clinical outcomes after completion of therapy were also comparable. This finding may be explained in several ways: the low severity of APN compared to infections at other sites (7); the appropriate- (18, 19) . The inclusion of only uncomplicated APN in this study may also have contributed to this finding. Because empirical TMP-SMX showed lower efficacy and higher relapse rates than fluoroquinolones (16) and UTI has a lower risk of mortality than do infections at other sites (7), our results suggest that fluoroquinolones may be used for the initial empirical antibiotic regimen, after which one would switch to a therapy concordant with microbiological results. The ciprofloxacin resistance rate (15.2%) of E. coli isolates in women with uncomplicated community-acquired infection was lower than previously reported in Korea (11, 12) . Since local resistance rates reported in hospital antibiograms are often skewed by using cultures obtained from inpatients or those with complex infections (17) , the resistance rates in previous studies may have been overestimated. However, our data are unable to establish the highest fluoroquinolone resistance level that would not degrade the effectiveness of fluoroquinolones as an empirical antibiotic for uncomplicated APN.
The study has a few limitations. First, the sample of cases infected with ciprofloxacin-resistant E. coli may have been too small to yield a significant difference of clinical cure rate between the two groups. If the significance levels of alpha and beta are set at 5% and 20%, the ciprofloxacin resistance rate is 15%, and the clinical cure rate in the ciprofloxacin-susceptible group is 87%, more than 800 subjects are needed to detect a 10% difference. Therefore, the possibility of a type II error should be acknowledged. Second, since our results pertained only to women with uncomplicated APN, these findings should not be extrapolated to men, patients with complicated infections, or those with severe sepsis. Finally, because we evaluated the microbiological cure rate at the second visit for only about one-third of the enrolled patients, there may have been a selection bias such that we could not accurately determine the impact of initial discordant treatments on the microbiological relapse rate.
In conclusion, fluoroquinolones may be an appropriate choice for initial empirical therapy of acute uncomplicated pyelonephritis without serious adverse outcomes if it is tailored appropriately on the basis of susceptibility data, even in areas where the fluoroquinolone resistance rate of the uropathogens, notably E. coli, exceeds 10%.
